h n e id e r {Received 18 July 1941) P rev io u s m easu rem en ts o f th e spectral v ariatio n of th e p h otosensitivity o f visual p u rp le solutions h ave been ex ten d ed into th e far ultra-violet. T he p ro d u cts h ave been fo u n d to be th e sam e as in th e visible.
P rev io u s m easu rem en ts o f th e spectral v ariatio n of th e p h otosensitivity o f visual p u rp le solutions h ave been ex ten d ed into th e far ultra-violet. T he p ro d u cts h ave been fo u n d to be th e sam e as in th e visible.
D a rk a d a p ta tio n curves, p ro d u ced b y various observers, including one w ith a n ap h ak ic eye, w ere of th e sam e ty p e a t 365 as a t 546 m The lim iting scotopic se n sitiv ity (th e reciprocal of th e p o te n tia l re tin a l illum ination in q u an ta/sec./sq . m m . w hich is ju s t sufficient to excite vision) of norm al eyes a t 365 m y is m ore th a n te n th o u sa n d tim es sm aller th a n th a t to be expected from th e p h o to se n sitiv ity a t th is w ave-length, a fact w hich is a ttrib u te d to th e presence of light ab sorbing su b stan ces in fro n t of th e retin a. The scotopic se n sitiv ity o f th e ap h ak ic eye w as, how ever, as expected, indicating the absence of absorbing substances. In d e ed th e aphakic eye was p ractically as sensitive a t 365 as it w as a t 546 m y .
T he lim it o f vision in th e u ltra -v io le t w as accu rately determ ined and, for n o rm al eyes, fou n d to correspond to th e th resh o ld o f ab so rp tio n of th e lens, 309 m y . T he lim it for th e ap h ak ic eye (no lens) corresponded to th e threshold o f ab so rp tio n o f th e cornea, 298 m y .
I n t r o d u c t io n
The relation between the rate of bleaching of visual purple solutions by visible light and the sensitivity of the eye in the dark-adapted state (scotopic vision) has been described in a previous paper (Schneider, Goodeve & Lythgoe 1939) . The rate of bleaching a t any particular wave-length is governed by the photosensitivity, i.e. the product of the extinction coefficient a and the quantum efficiency y. The scotopic sensitivity of the eye (or the luminosity of the lightf) is given by the reciprocal of the light intensity on the retina necessary to produce a standard response. The most accurate measurements of its relative values were made by Abney & W atson (1915) . These were recalcu lated to a quantum basis by D artnall & Goodeve (1937) . I t was found (Schneider et al. 1939 ) th a t the photosensitivity of visual purple corresponds * D eceased. f I n previous pap ers th e te rm 'scotopic lu m in o sity ' has been used in conform ity w ith com m on p ractice. I ts use, how ever, im plies th e existence of a 'stan d ard e y e '. W hile th is is a useful concept for th e visible p a rt of th e spectrum , th e great v a ria tio n in th e sen sitiv ity of different eyes for th e ultra-v io let m akes it necessary to use a te rm to describe th e eye ra th e r th a n th e light. A definition of th e 'absolute scotopic s e n s itiv ity ' is given la te r in th is p aper.
[ 380 ] exactly to the scotopic sensitivity of the eye on the red side of the spectrum, but on the blue side the scotopic sensitivity is less than the photosensitivity. This discrepancy was attributed to the presence of yellow substances in the eye which absorb light, and thus reduce the intensity of the light absorbed by the visual purple. D artnall & Goodeve (1937) deduced from the relation between the curves th a t the optical density a t 502 m y of the visual purple in the retinae is not greater than 0-2. These methods have now been extended to the ultra-violet region.
Photosensitivity and vision the ultra-violet 381 2. T h e p h o t o se n sit iv it y of v isu a l p u r p l e in th e u l t r a -violet Hosoya (1937) found th a t visual purple was sensitive to ultra-violet light of wave-lengths 365, 313, 302 and 297 my. He measured the absorption as the visual purple was bleached, and with wave-lengths 365, 313 and 302 m y the optical density increased with time of illumination. This is in agreement with the fact th a t indicator yellow, the product of bleaching (Lythgoe 1937, Goodeve, Lythgoe & Wood, unpublished) absorbs more strongly than visual purple a t wave-lengths below about 420 m y (depending on pH). Hosoya's results, however, do not give straight lines when analysed by the method of photometric curves. This means th a t the photoprocess in his case was not a simple one. Values of ay could not be estim ated as absolute i are not stated.
Method and observations for 405 and 365 m y
The method of photometric curves has been fully developed in previous papers (Dartnall, Goodeve & Lythgoe 1936 Goodeve & Wood 1938) for cases of normal bleaching, i.e. where the optical density decreases with time of illumination. There it has been shown th a t if It is the light transm itted by a solution a t time t, and If a constant final value of the transm itted light corresponding to the absorption of the bleached substance, then loge {If If -It) plotted against time gives a straight line whose slope m is a 7YL ^4 measure of the photosensitivity according to the equation ay -, where A is the area of the cell and I the intensity of the incident light. The correction factor (f is unity if no absorbing impurities are present in the solution and no absorbing products are formed in the photoreaction. I t is found to vary very little over the range of It occurring in any one experiment, and thus may be considered as a constant.
The method can also be applied to cases in which the optical density increases with time of illumination, i.e. It is always greater than If. The integration of the original differential equation (equation (4), D artnall 1936) leads to the logarithm of the modulus of {If -It), and one can therefore plot loge {hiI( -If) against time to obtain the slope m. This has been done for visual purple bleaching curves a t 405 and 365 m and straight lines have been obtained as shown, for example, in figure 1.
The apparatus and procedure for these wave-lengths were exactly as described in the previous paper (Schneider 1939) , except th at a mercury-arc lamp was used and to the monochromator was added a violet filter for 405 m/4 or a Wood's ultra-violet filter for 365 m/4. The results are shown in table 1.
The product of bleaching by 405 and 365 m/4 was found to be 'indicator yellow', as is the case for longer wave-lengths (Lythgoe 1937). That there is no intermediate product of an appreciable life is shown by the fact th at the photometric curves are straight lines (compare D artnall al. 1938) . Many experiments made in these laboratories have shown th at, when visual purple is bleached with visible light, there is a linear relation between the decrease in the visual purple band and the increase in th a t p art of the indicator yellow band lying in the visible. T hat a linear relation also holds for bleaching at 365 m/4 was shown by a separate experiment in which the bleaching was interrupted to allow measurements of the density a t 502 m/4.
*

Method and observation for 254 m/4
The extinction coefficient of visual purple rises rapidly below 300 m/4 as seen in figure 2. This absorption has been attributed to the presence of proteins (Krause & Sidwell 1938; Goodeve, Lythgoe & Wood, unpublished) . I t was shown by the following experiment th a t illumination with mono chromatic light of wave-length 254 m/4 causes a progressive destruction of the visual purple absorption band in the visible p art of the spectrum and a growth of the indicator yellow band in the normal way.
Light from a mercury-arc lamp was rendered monochromatic at 254 m/4 by a Hilger-Miiller quartz double-monochromator and was focused through a hole in the wall of a light-proof hut on to the quartz cell containing the visual purple, the whole optical arrangem ent being essentially the same as before (1939) . The absolute value of the incident light intensity, I, was measured w ith a thermopile. As the density a t this wave-length is very high, i.e. the absorption is practically complete, and does not change appreciably on bleaching the visual purple (Goodeve, Lythgoe & Wood, unpublished) , it was necessary to follow the change by interrupting the illumination from time to time and measuring the density a t 502 m/4. These measurements were made on an apparatus described by Bayliss, Lythgoe & Tansley (1936) . Comparison measurements were made with an unexposed solution in order to correct for the dark reaction which was appreciable in the 18 hr. required to bleach with 254 m/4 to half density a t 502 m/4. Density measurements on the illuminated solution at wave-lengths between 400 and 430 m/4 taken along with those at 502 m/4, gave a cross-over point at 418 m/4 (pH = 9-3) showing th a t indicator yellow is produced (Lythgoe 1937)- Although the method of photometric curves can be extended to cover the above type of case, particular care is necessary in interpreting the value of the photosensitivity, ay, so obtained. Visual purple is n a light-sensitive chromophore with a maximum extinction at 502 m/i. The absorption at 365 and again a t 254 m/i may be due to the same chromophore as th a t a t 502. On the other hand, a light quantum responsible for bleaching by the latter wave-length may be absorbed by a neighbouring or even an entirely independent chromophore, which then acts as a photosensitizer, destroying the visual purple chromophore.
Both these mechanisms can be expressed in mathematical terms, but the accuracy of the measurements made here would not justify their reproduc tion. However, for the first case where the absorption a t 254 m/i belongs to the visual purple chromophore the value of a 254y is about 0*5 x 10-17 cm.2.
Discussion
The mean values of ay from table 1 and the values for 254 rn.fi are shown in figure 2 together with the curve of a for visual purple determined by Goodeve, Lythgoe & Wood (unpublished) . The values of ay for the visible 384 C. F. Goodeve, R. J. Lythgoe and E. E. Schneider
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w ave-length (m/i) F ig u r e 2. T he p h o to sen sitiv ity , a y , of visual purple for visible and ultra-violet light (-o-o-) com pared w ith th e ab so rp tio n curve of visual purple (upper curve).
region of the spectrum are included from the previous paper (Schneider et al. 1939) . I t will be seen from the figure th a t the accurate coincidence ol the curves in the visible, indicating a constancy in y, does not hold below 430 m/i. A maximum a t about 360 m/i and a minimum at about 400 m/i is, however, common to both curves. This means th a t the absorption band a t 360 m [ ii s closely connected with the visual purple chromophore and corre sponds to a transition to a higher electronic level than th a t for the band in the visible. There appear to be two possible explanations of the difference between the curves in the near ultra-violet. I f we assume th a t the observed value of cl i s solely due to visual purple, the value of y must be about one-half what it is in the visible. This would mean th a t the process of transformation of the absorbed light quantum into chemical energy necessary for the disruption of the visual purple chromophore is different, depending on whether absorption takes place in the visible or near ultra-violet band.
The other explanation is th a t the values of cl for the absorption band of the visual purple chromophore a t 360 mju, lie below the absorption curve shown. This would mean th a t visual purple preparations contain a photo stable component absorbing in the ultra-violet. There are many possibilities for such substances. Broda recently (1941) has found a yellow phospholipin in solutions of visual purple, the light absorption of which increases with decreasing wave-length throughout the range concerned.
I t is not useful to discuss the results in the far ultra-violet, except to say th a t here in addition strong protein absorption sets in.
Photosensitivity and vision the ultra-violet
. SCOTOPIC SENSITIVITY IN THE ULTRA-VIOLET
From the experiments described in the previous section it appears th a t light of any wave-length down to 254 m/i causes the same photochemical change in visual purple, and therefore one would expect the retina to be sensitive to this range of ultra-violet light. I t is known, however, th a t there is a sharp limit of vision between 302 and 313 m (Goodeve 1934 ) which has been attributed to the absorption of the crystalline lens. Preliminary experiments showed th a t the relative sensitivity of the eye to 365 m y was very much less than would be expected from the photosensitivity of visual purple a t this wave-length. Experiments were therefore undertaken to obtain quantitative information. The interest of these measurements was greatly extended by the observation of Gay don (1938) th a t aphakic eyes are much more sensitive to ultra-violet than ordinary eyes.
Both chromatic and scotopic vision apparently occur throughout the range of 'visible' ultra-violet light, and the mechanism of vision appears to be the same as for ordinary visible light. At high intensities the u ltra violet light has colour, which is described by various observers as violet, blue, lavender grey, etc. As the intensity is reduced the colour disappears, leaving a grey image, such as is characteristic of scotopic vision at longer wave-lengths. A further characteristic of scotopic vision, the increase in sensitivity with time in the dark, is also found in the ultra-violet. In the Vol. 1 3 0 . B.
experiments described below the rate of increase of sensitivity with dark adaptation was found to be the same for 546 m/6 as for 365 m/6, and the curves are in all respects similar (see figure 4) .
Apparatus
The apparatus was arranged as shown in figure 3 in a hu t capable of being darkened. A quartz-mercury lamp H was focused on the slit S1 of the glass monochromator (see Schneider et al. 1939) . The slowly rotating shutter G gave flashes of 1 sec. duration every 5 sec. The emergent light from the slit S2 having passed through the W ood's ultra-violet filter Fz, was focused by lens L on the eye of the observer. A circular aperture, 15 mm. diameter, in the screen P was thus uniformly illuminated, and formed the object for observation. The position of the observer's head was fixed by a biting device and observations were made with the field of vision centred on the red light spot, R, lying to the left of P and produced by the source A> 800 m/6). The distance between R and P was such th a t the angle subtended a t the eye was 10°. Observations were thus made using the parafoveal region of the retina 10° from the centre along the 180° meridian, in the temporal or nasal side of the retina according as the observer used his left or right eye. According to W entw orth (1930) the sensitivity here is not far below the maximum for the eye.
The intensity of the light was altered by means of two Ilford neutral wedges, Fx and F2, which had been carefully calibrated for both wave-lengths by a photocell and by a Hilger Spekker photometer. Their range of optical density, Dx + D 2, was from 0 to about 4. The Wood's ultra-violet filter was in the first place used to absorb visible light scattered in the monochromator when using 365 m/6, b u t was kept in position for both wave-lengths because its low transmission (10-5) a t 546 m/6 conveniently compensated for the high sensitivity of the eye to this wave-length compared with th a t a t 365 m/6. The total intensity of the light, N0 quanta/sec., for the ze wedge filters was determined by placing a thermopile a t T. W ith the u ltra violet filter in position it was not possible to measure the small intensity at 546 m y with the thermopile, and it was therefore necessary to remove it for this measurement. Its optical density had then to be determined accurately; this was done by comparison with the wedge filters, a value 5*0 + 0T being obtained.
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Dark adaptation curves
Dark adaptation curves were obtained by the following procedure. The observer's eyes were first fight adapted by observing for about 3 min. a white screen illuminated to about 10 f.c. He then took up his position and darkened the hut, the operator starting the stop-watch. Before starting, wedge Fx was in the zero position, i.e. no absorption, and wedge F2 in a position corresponding to a rather high density. As soon as the observer was ready with his eye focused on the red spot, the operator moved wedge slowly towards lower densities until the observer first saw the fight flash in the lens L, whereupon he signalled by ringing a bell. The time was recorded and the density of the wedge Fx now increased by two divisions on the wedge scale corresponding to an increase of D x of about 0T2 a t 546 and 0*29 a t 365 m y, the exact value being obtained from the calibrat curves for Fx. ( Wedge F2 was left unmoved throughout the remainder of the experiment.) As the sensitivity of the eye increased, the flash again became visible, the bell rung, and the time recorded. The density of wedge Fx was again increased by two scale divisions. This procedure was carried on for about 10 min., the increment in being altered in the last few minutes to one scale division.
One series of observations usually consisted of figure 4 . The curves are of the usual form, which has been attributed to the superposition of rod and cone adaptation. Kohlrausch (1922) and Hecht (1929) found one break only in the curve, but in many of the curves determined here there appeared to be a number of breaks which were only partly reproducible.
25-2
Calculation of energy thresholds
The number of quanta/sec., N , entering the pupil of the eye, is related to the number, N0,measured by the thermopile, by the equation
where A is the area of the light patch falling on the screen (= 420 mm.2), B the area of the aperture in P( = 176 mm.2), C the ar 9 0-7 t (seconds) a t the pupil (= 270 mm.2), E the area of the pupil (assumed dark adapted and equal to 50 mm.2), r and r' the reflexion losses a t lens L and a t the cornea of the eye (assumed to be 0-1 and 0-05 respectively), and K 1 the optical density of the cornea and anterior chamber of the eye. The values of for 365 and 546 m y were always close to 1-2 x 1012 and 3-1 x 108 quanta/sec. respectively.
The intensity of illumination, J, of the retina, in terms of the number of quanta/sec./sq. mm. is related to N by the equation
where K 2 is the optical density of the crystalline lens and posterior chamber and a, the area in mm.2 of the image on the retina, given by
Here / is the anterior focal length of the complete optical system of the eye and d the distance of the object from the first principal plane, this plane being about 1*5 mm. behind the cornea. In the apparatus described, d = 328 mm. whilst in the normal eye accommodated for this distance / = 16*1 mm. (Gullstrand's value, see Southall 1937) . I t follows th a t for normal eyes a was 0*42 mm.2, i.e. a circular patch subtending 2*6°. The total optical density, K, of the eye, which includes the absorption of all of the different media of the eye through which the incident light passes before it strikes the light-sensitive p art of the retina, is given by Let us define as potential retinal illumination the intensity of illumina tion of the retina (measured in quanta/sec./m m .2) in the absence of any absorption of light in the eye Jp = Jx 10+K.
(4) J p is the only quantity which can in practice be measured. As will be seen below (p. 393) however, J, and thus K , can be deduced from scotopic sensitivity values. I t has been found th a t for wave-lengths above about 450 m y the media of the eye are practically transparent, i.e. K is negligibly small. At 546 m y the potential retinal illumination is therefore practically equal to the actual illumination. The sensitivity of the eye to light of any wave-length can only be deter mined relative to some standard wave-length, bu t is proportional to the reciprocal of the light intensity on the retina which produces a given in tensity of response. I t is therefore convenient to define $A, the absolute scotopic sensitivity of the eye (see footnote p. 380) as the reciprocal of the potential retinal illumination which is just sufficient to excite vision. Therefore = 1IJP or logio = -logio JP-
The value of Sx is a characteristic of the eye depending only on the degre of dark adaptation and on the size of the retinal image. The effect of size or area of image on luminous thresholds has been studied by a number of observers including Piper (1903) , Henius (1909) and Lohle (1929) . At least for areas less than about 10' in diameter the ability of the eye to see a fight source depends only on N, the total number of quanta/per second entering the eye, and is independent of how these are distributed. For areas greater than a certain size, it seems to be independent of the area and to depend only on the intensity of retinal illumination (Lohle 1929 (1909) it appears th a t scotopic sensitivities measured for 2*6° should be multiplied by a factor of about 1-5 if they are to be compared with results obtained w ith areas of 1 sq. mm. (4°). I t is considered a t this stage better not to correct the results in this way, and it should be borne in mind th a t they are therefore to be associated with the retinal area of 0-42 m m.2 or 2-6°.
Observer with aphakic eye
The left eye of one observer was aphakic (i.e. w ithout a lens) as a result of a traum atic cataract. For the observations he used a spectacle lens of + 11-5 dioptrics (87 mm. focal length) placed 12 mm. from the cornea. The pupil was very constricted, b u t treatm ent every other day with atropine produced an aperture, equal to 15 + 5 m m.2. This was increased by the spectacle lens so th a t E (in equation (1)) for this observer was 20 mm.2. The value of r' in this case was increased owing to the extra reflecting surfaces and slight absorption by the glass a t 365 m Tests showed th at these effects could be accounted for by making r' equal to 0-15 a t 546 my and 0-35 a t 365 m y.
In an aphakic eye the anterior focal length of the Optical system is 23*2 mm. and the first principal lies 0*05 mm. in front of the cornea (Southall 1937) . The composite optical system consisting of the aphakic eye and the spectacle lens placed 12 mm. in front of the cornea has an anterior focal length of 20*6 mm., and its first principal plane lies 1*1 mm. in front of the cornea. The size of the image a was therefore in this case 0-71 mm.2.
Results and discussion
The scotopic sensitivity for six observers is given in table 2. The two values for each wave-length were from curves taken before and after th at for the other wave-length, and in the cases where two sets for one observer's eye appear, the second was taken some weeks after the first. I t is estimated th a t the limits of error of the absolute values of log SA are +0*3 for 546 my and +0-2 for 365 m y arising out of accumulative errors in calibrating the filters. These, of course, are fixed errors and do not account for the differ ences in the results obtained by one observer. On the whole, however, the reproducibility of the results is good considering the difficulties in making observations using the parafoveal p art of the retina. The average of each pair is used to determine $546/$365.
I t is seen from table 2 th a t for most of the observers the values of log $546 after 600 sec. lie between -4*1 and -4*4, indicating th a t about 20,000 vision in the ultra-violet 391 quanta/sec./m m .2 are necessary to stimulate vision a t 10° from the fovea. D ark adaptation is generally not complete until much later than this, but the rate of increase becomes rapidly smaller. If the experiments had been prolonged it is probable th a t values of log $546 lying between -3-9 and -4-2 would have been obtained which would be in good agreement with a value of -4*0 which has been calculated from W entw orth's measurements (1930) . One of the normal eyes gave a low sensitivity (log $546 = -5-0), while the aphakic eye had the same value as the average. A greater variation was found for the ultra-violet sensitivity. Three of the observers gave values of log $365 = -7*6, while two others were less sensitive a t -8*7 and -9-8 respectively. (De Groot (1935) found differences up to about 100:1 between observers for this wave-length.) The anticipated high sensitivity for the aphakic eye has been confirmed and indeed it is seen th a t this eye was just as sensitive to 365 m as it was to 546
The constancy for all observers of the ratio S5iJS3e5 as adaptation proceeds indicates th a t the mechanism responsible for this type of vision is the same for both wave-lengths.
A comparison between these measurements of the scotopic sensitivity (after 400 sec. dark adaptation) and the photosensitivity of visual purple is made in figure 5 , the former being 'linked' to the results of Abney and W atson a t 546 m y .The shape of the curve in the ultra-violet is o very approximately, b u t the fact th a t there is a point of inflexion with normal eyes follows from observations made on numerous occasions in these laboratories. W hen a hydrogen discharge tube, which has an almost flat energy distribution curve, is used with the Hilger-Muller monochro m ator and the wave-length drum is turned towards the ultra-violet, one readily observes a rapid decrease in intensity near 400 followed by a very much slower decrease until one approaches the limit (see below). Measurements of the photopic luminosity curve in the ultra-v some years ago by one of the authors (C. F. G. unpublished) and clearly showed a marked flattening of this curve and a point of inflexion a t about 350 m/i. I t is seen from the figure th a t the relative scotop eye at 365 m y is, within the limits of error, that to be expected from the photo sensitivity of visual purple. This indicates th a t in vivo as in vitro the photo chemical process is the same in the ultra-violet as in the visible p art of the spectrum, and emphasizes the fact th a t a photochemical change is the initiating process in vision.
The question now arises, w hat causes the greatly reduced sensitivity of normal eyes to the ultra-violet ? The simplest explanation is th a t there is pre sent in normal eyes a substance which strongly absorbs the ultra-violet but which is not present in the aphakic eye. In other words, in normal eyes the actual retinal illumination J by ultra-violet light is very the potential retinal illumination Jp . (The alternative, th a t y 365 is reduced without reducing y546, is difficult to imagine.) The lens and cornea of the eye are completely transparent to 365 m/i (Graham 1922; Abe 1927) , and therefore the absence of the lens itself cannot account for the results with the aphakic eye. The presence of a yellow pigment in another p art of the eye m ust there fore be assumed. For the eye with the lowest sensitivity shown in table 2 the density K (see equation (4)) would be 5*7 a t 365 my, a value which is easily attained by a very thin layer of a normal absorbing chromophore. This yellow pigment may be a phospholipin (Krause 1934; Broda 1941) , traces of it remaining in the extracted visual purple accounting for the difference between the a and ay curves as mentioned above.
Photosensitivity and vision in the ultra-violet
The amount of yellow lipins in the various tissues of the eye is known to increase with the age of the observer (see Krause 1934, pp. 16, 29 and 203) , a fact which fits in with the observations of Saidman (1933) and of de Groot (1935) th a t the sensitivity to the ultra-violet decreases with age.
The fundam ental question why this yellow substance should disappear with cataract is an open one.
T h e lim it of v isio n in t h e u l t r a -violet
Previous determinations (Goodeve 1934) of the limit of vision in the ultra violet were made with a mercury-arc lamp as light source, and it was found th a t the 313 m/i line was visible whereas the 302 m/i line was not. Vision at 313 m 11 was apparently quite normal except th a t the object was in focus when only 4 in. from the eye (see also de Groot 1934) .
More exact determinations of the limit have been made using a continuous light source (a hydrogen discharge tube) and a Hilger-Miiller quartz mono chromator. The slit widths were set to obtain a AX of ±1 m/q and the size of the object, the exit slit, about 4 by 0-7 mm. The eye of the observer was dark-adapted for 5-10 min. (separate tests showed th a t the limit was practically constant after the first m inute of dark adaptation). The exit slit was viewed foveally or slightly to one side from a distance of about 15 cm. W hen the monochromator drum was turned to shorter wave-lengths at an even rate by an operator, a progressive decrease of brightness was observed followed by a suddenly rapid decrease close to the limit. The limit itself was determined by turning a t a slower rate and the readings were reproducible to + 0 5 m /L No measurement of the absolute light intensity was attem pted and it is probable th at, although the limit is sharp, it would move slightly to shorter wave-lengths if a higher intensity or a larger image were used.
The results are given in 
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E a c h resu lt is th e m ean of from th ree to six m easurem ents.
I t is seen from the table th a t the aphakic eye is in a class by itself, its limit lying a t 300 m ji.This presumably partly arises from a higher sensi the retina, as found a t 365 m fi.The more im por probably the absence of the lens. Graham (1922) has examined a number of lenses both animal and human, and in all normal cases absorption was found to set in a t 313-4 my. Less than about 5 % was transm itted a t 309-5 my.
The absorption of the cornea began a t 298 my, while the vitreous and aqueous humours were transparent to much shorter wave-lengths. The agreement of these values with those of the limits of vision in table 3 is obvious, and it is therefore to be concluded th a t vision in the normal eye is limited by the sharp rise in the absorption of the lens, whereas vision in this example of an aphakic eye is limited by th a t of the cornea. The absorptions of the lens and of the cornea are due to those of the proteins which make up their structure. Therefore, although visual purple is sensitive to 254 my, vision a t th a t wave-length is not possible.
